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Abstract: We conducted a hospital-based case-control study to investigate the association of three common SNPs 
(-1082G/A rs1800896, -819T/C rs1800871, and -592A/C rs1800872) of IL-10 gene polymorphisms with the sus-
ceptibility to esophageal cancer in a Chinese population. 246 patients with pathologically proven esophageal cancer 
and 492 healthy control subjects were collected in our study. Genotyping of IL-10-1082G/A rs1800896, -819T/C 
rs1800871, and -592A/C rs1800872 was performed using the Sequenom MassARRAY platform (Sequenom; San 
Diego, CA). Unconditional logistic regression analyses showed that subjects carrying the AA genotype and GA+AA 
genotype of IL-10-1082G/A rs1800896 were associated with an increased risk of esophageal cancer, and the ad-
justed ORs (95% CI) were 2.19 (1.31-3.64) and 1.44 (1.05-1.99), respectively. However, we did not find significant 
association of IL-10-819T/C rs1800871 and -592A/C rs1800872 with the development of esophageal cancer. By 
stratification analysis, we found that IL-10-1082G/A rs1800896 polymorphism has no significant association with 
smoking, drinking and family history of cancer in the first relatives in esophageal cancer risk (P>0.05). In conclu-
sion, IL-10-1082G/A rs1800896 genetic variation may be employed as candidate biomarkers for the prediction of 
susceptibility in esophageal cancer.
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Introduction

Esophageal cancer is the eighth most common 
causes of cancer-related mortality worldwide, 
with an estimated 456,000 new esophageal 
cancer cases in 2012 [1]. There were two differ-
ent forms of esophageal cancer, including 
esophageal squamous cell carcinoma and 
esophageal adenocarcinoma. In China, it is 
estimated that 223,306 new esophageal can-
cer cases were diagnosed and 197,472 died in 
2012, and the incidence was ranked fifth and 
the mortality was ranked fourth of all cancers 
in Chinese population [1]. Around 80% of the 
cases worldwide occur in less developed 
regions. More than half of the esophageal can-
cer cases were diagnosed in China [2]. The 
development of esophageal carcinoma is a 
complex, multistep and multifactorial process, 
and many environmental and genetic factors 
are involved in the development of this cancer. 
Previous studies have reported that tobacco 
smoking, hot beverage intake and alcohol 

drinking contribute to the development of 
esophageal cancer [3, 4]. However, not all these 
prostate cancer patients would develop esoph-
ageal cancer even when they have been 
exposed to similar risk factor, which suggests 
that genetic variations could influence the 
development of esophageal cancer. Several 
previous studies have reported that genetic 
polymorphisms play an important role in the 
development of esophageal cancer, such as 
XRCC1, XRCC5, XRCC6, ALDH2, and CYP1A1 
[5-8].

Chronic inflammation in esophageal tissues 
could contribute to the susceptibility of esopha-
geal cancer, and thus multiple genes involved in 
the inflammatory pathways could play an impor-
tant role in the development of this cancer. 
Interleukin-10 (IL-10) is an immunoregulatory 
cytokine, which is produced by Th2 cells, regu-
latory T cells, and monocytes/macrophages. 
The encoding gene of IL-10 is located on chro-
mosome 1 (1q31-1q32). IL-10 is an anti-inflam-
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matory cytokine, which could inhibit the synt- 
hesis of cytokines such as IL-6, IL-1β, IL-1α, and 
TNF-α in activated macrophage and IFNγ by T 
cells [9]. Several studies have reported that the 
IL-10 gene polymorphisms are associated with 
an increased risk of esophageal cancer [10-
12]. Therefore, we conducted a hospital-based 
case-control study to investigate the asso- 
ciation of three common SNPs (-1082G/A 
rs1800896, -819T/C rs1800871, and -592A/C 
rs1800872) of IL-10 gene polymorphisms with 
the susceptibility to esophageal cancer in a 
Chinese population.

Materials and methods

Study subjects

Patients with pathologically proven esophageal 
cancer were recruited from the Second 

Affiliated Hospital of Zhengzhou 
University during the period betw- 
een March 2011 and May 2014. All 
the cases were newly diagnosed 
and previously untreated. A total of 
271 patients were collected from 
our hospital, and finally 246 
patients agreed to participate into 
our study, with a participation rate 
of 90.78%. Clinical characteristics 
of esophageal cancer patients we- 
re obtained from medical records.

492 healthy control subjects free of 
a history of cancer were collected 
from health examination clinics in 
our hospital. Two control subjects 
matched with one patient in terms 
of age and gender.

Cases and controls were inter-
viewed using a standardized qu- 
estionnaire including socio-demo-
graphic characteristics, including 
age, sex, tobacco smoking, alcohol 

Table 1. Primers and PCR products of IL-10-1082G/A rs1800896, -819T/C rs1800871, and -592A/C 
rs1800872
IL-10 SNP Primers Restriction enzyme PCR products
-1082G/A rs1800896 5’-CTACTAAGGCTTCTTTGGGAG-3’

5’-ACTACTAAGGCTTCTTTGGGAA-3’
BseRI G allele: 320 bp

A allele: 360 bp, 320 bp
-819T/C rs1800871 5’-TCATTCTATGTGCTGGAGATGG-3’

5’-TGGGGGAAGTGGGTAAGAGT-3’
MsII T allele: 209 bp 

C allele: 93 bp, 116 bp
-592A/C rs1800872 5’-GGTGAGCACTACCTGACTAGC-3’

5’-CCTAGGTCACAGTGACGTGG-3’
RsaI A allele: 176 bp, 236 bp

C allele: 412 bp

Table 2. Demographic and clinical characteristics of esopha-
geal cancer patients and control subjects
Characteristics Patients % Controls % χ2 test P value
Sex
    Male 193 78.46 386 78.46 
    Female 53 21.54 106 21.54 0.00 1.00
Age
    <60 134 54.47 252 51.22 
    ≥60 112 45.53 240 48.78 0.70 0.40
Smoking
    Never 105 42.68 250 50.81 
    Ever 141 57.32 242 49.19 4.34 0.04
Drinking
    Never 128 52.03 370 75.20 
    Ever 118 47.97 122 24.80 40.12 <0.001
Family history of cancer in the first relatives
    No 228 92.68 491 99.80 
    Yes 18 7.32 1 0.20 33.09 <0.001
Stage
    I-II 94 38.21 
    III-IV 152 61.79 

drinking and family history of cancer in the first 
relatives. Detailed clinical data on cases were 
collected from medical records. 5 ml blood 
sample and signed informed consent form was 
obtained from every participant before their 
participation in the study. This protocol was 
approved by the Clinical Research Ethics 
Committee of the Second Affiliated Hospital of 
Zhengzhou University.

Genotyping analysis

Blood sample was collected in ethylenediamine 
tetra-acetic acid (EDTA) coated tubes and 
stored at -20°C until use. Genotyping of IL-10-
1082G/A rs1800896, -819T/C rs1800871, 
and -592A/C rs1800872 was performed us- 
ing the Sequenom MassARRAY platform 
(Sequenom; San Diego, CA). The primers used 
for polymerase chain reaction (PCR) were listed 
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in Supplementary Table 1. Multiplex PCR mix-
ture contained 1× HotStar Taq buffer, 2.8 mM 
MgCl2, 0.1 U of Hot Star Taq polymerase, 2 ng 
of genomic DNA, 0.5 pmol of each primer, and 
0.5 mmol of dNTPs. Reaction was performed at 
94°C for 15 min, followed by 45 cycles at 94°C 
for 20 s, 56°C for 30 s, and 72°C for 1 min, 
with a final incubation at 72°C for 3 min. 
Unincorporated dNTPs were deactivated using 
0.3 U of shrimp alkaline phosphatase (SAP) fol-
lowed by primer extension using 5.4 pmol of 
each extension probe, 50 mmol of iPlex 
Termination Mix, and 0.5 U of iPLEX enzyme 
(Sequenom; San Diego, CA). The extension 

reactions were per-
formed at 94°C for 30 
s, 94°C for 5 s, fol-
lowed by 40 cycles at 
52°C for 5 s and 80°C 
for 5 s, with a final 
incubation at 72°C for 
3 min. Purified exten-
sion reaction products 
with cation exchange 
resin were spotted on- 
to Spectro CHIPs and 
measured by MALDI-
TOF mass spectrome- 
try.

Statistical analyses

Table 3. Association between IL-10-1082G/A rs1800896, -819T/C rs1800871, and -592A/C 
rs1800872 polymorphisms and risk of esophageal cancer
IL-10 gene Patients % Controls % P for HWE OR (95% CI)1 P value
-1082G/A rs1800896
    GG 99 40.24 242 49.19 1.0 (Ref.)
    GA 106 43.09 204 41.46 1.28 (0.90-1.80) 0.15
    AA 41 16.67 46 9.35 0.74 2.19 (1.31-3.64) 0.001
    GA+AA 147 59.76 250 50.81 1.44 (1.05-1.99) 0.02
-819T/C rs1800871
    TT 101 41.06 219 44.51 1.0 (Ref.)
    TC 105 42.68 203 41.26 1.12 (0.79-1.59) 0.50
    CC 40 16.26 69 14.02 0.06 1.26 (0.77-2.03) 0.32
    TC+CC 145 58.94 272 55.28 1.16 (0.84-1.60) 0.36
-592A/C rs1800872
    AA 85 34.55 185 37.60 1.0 (Ref.)
    AC 116 47.15 228 46.34 1.11 (0.78-1.58) 0.56
    CC 45 18.29 79 16.06 0.53 1.24 (0.77-1.98) 0.35
    AC+CC 161 65.45 307 62.40 1.14 (0.82-1.59) 0.42
1Adjusted for age, sex, smoking, drinking and family history of cancer in the first relatives.

Table 4. Stratification analysis of IL-10-1082G/A rs1800896 genotypes by 
demographic characteristics in esophageal cancer patients and controls

Variables
Patients Controls

OR (95% CI)1 P value
GG GA+AA GG GA+AA

Smoking
    Never 43 62 126 124 1.47 (0.90-2.39) 0.1
    Ever 56 85 116 126 1.42 (0.91-2.22) 0.1
Drinking
    Never 53 75 182 188 1.37 (0.89-2.10) 0.13
    Ever 46 72 60 62 1.57 (0.91-2.70) 0.09
Family history of cancer in the first relatives
    No 92 136 241 250 1.57 (0.91-2.70) 0.09
    Yes 7 11 1 0 - -
1Adjusted for age and sex.

SPSS 16.0 statistical package (SPSS, Chicago, 
IL, USA) was taken to perform statistical analy-
ses. The statistical difference between cases 
and controls was analyzed by A Chi-squared 
test and t test. The Hardy-Weinberg equilibrium 
(HWE) was tested by Fisher’s exact test for 
each SNP in controls. Odds ratios (OR) and 95% 
confidence intervals (CI) were calculated using 
conditional logistic regression analyses adjust-
ed for age and gender, and the most common 
control homozygote was used as reference. 
Additional regression models were designed 
where subjects were stratified on smoking, 
drinking and family history of cancer subgroups 
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and genetic polymorphism carriers of the stud-
ied variations. All tests were two-sided with a 
significant level of P-value <0.05.

Results

The demographic and clinical characteristics of 
all the esophageal cancer cases and controls 
were shown in Table 2. No age and sex related 
differences were found between patients and 
controls (P>0.05). By comparing with control 
groups, esophageal cancer patients were more 
likely to have a habit of smoking and drinking, 
and have a family history of cancer in first rela-
tives (P<0.05). Of 246 patients, 94 (38.21%) 
were at stage I-II, and 152 (61.79%) were at 
stage III-IV.

The genotype distributions of IL-10-1082G/A 
rs1800896, -819T/C rs1800871, and -592A/C 
rs1800872 confirmed with HWE in the con-
trols, and P values for HWE were 0.74, 0.06 and 
0.53, respectively (Table 3). Unconditional 
logistic regression analyses showed that sub-
jects carrying the AA genotype and GA+AA gen-
otype of IL-10-1082G/A rs1800896 were asso-
ciated with an increased risk of esophageal 
cancer, and the adjusted ORs (95% CI) were 
2.19 (1.31-3.64) and 1.44 (1.05-1.99), respec-
tively. However, we did not find significant asso-
ciation of IL-10-819T/C rs1800871 and -592A/
C rs1800872 with the development of esopha-
geal cancer.

By stratification analysis, we found that IL-10 
-1082G/A rs1800896 polymorphism has no 
significant association with smoking, drinking 
and family history of cancer in the first relatives 
in esophageal cancer risk (P>0.05) (Table 4).

Discussion

Genetic susceptibility to cancers has attracted 
a growing attention to investigate the gene 
polymorphisms in the tumourigenesis. Infl- 
ammation and related cytokines play a critical 
role in the epithelium transformation from pre-
cancerous lesion to esophageal cancer. The 
inflammatory state is a necessary step to ma- 
intain and promote cancer progression and 
complete the full malignant phenotype, includ-
ing tumor tissue rebuilding, angiogenesis and 
metastasis and suppressing the innate anti-
cancer immune response [13]. Genetic vari- 
ations would promote cell transformation to  
cancer proliferation.

IL-10 gene is an anti-inflammatory cytokine and 
mediates the T helper cell Th1/Th2 balance 
during the immune response [14]. The immuno-
suppressive effect of IL-10 gene inhibits cell-
mediated immune responses against cancer 
cells [15]. Our study has reported a significant 
association between IL-10-1082G/A rs180- 
0896 polymorphism and risk of esophageal 
cancer. Several studies have reported the role 
of IL-10-1082G/A gene polymorphism in the 
development of several kinds of cancers, such 
as cervical cancer, lung cancer, gastric cancer, 
colorectal cancer and digestive cancer [16-19]. 
Zhang et al. conducted a meta-analysis with 
eight studies, and reported that no significant 
association between IL-10 gene-1082G/A poly-
morphism and cervical cancer in any genetic 
models [16]. Hsia et al. evaluated the contribu-
tion of IL-10-1082G/A, -819T/C, and -592A/C 
genetic polymorphisms to the risk of lung can-
cer in Taiwan, and they reported that CC and TC 
genotypes of IL-10-819T/C had a protective 
effect on lung cancer risk [17]. Yu et al. explored 
the relation of IL-10-1082G/A gene polymor-
phism with gastric cancer risk, and they found 
that IL-10-1082G/A gene contributed to the 
susceptibility for gastric cancer [18]. A recent 
meta-analysis has investigated the association 
between IL-10-1082G/A gene polymorphisms 
and risk of digestive cancer, and it reported 
that IL-10-1082A>G polymorphism was only 
associated with increased risk for gastric can-
cer [19]. The discrepancies of the above men-
tioned results could be explained by differenc-
es in ethnicities, study design and tumor types 
as well as sample size.

For the association between IL-10 gene poly-
morphisms and development of esophageal 
cancer, only three studies reported their asso-
ciation [10-12]. Savage et al. firstly conducted a 
study in a Chinese population, and they found 
that variations of IL-10 genes were not associ-
ated with esophageal cancer risk [10]. Guo et 
al. investigated the association of IL-10 -1082G/
A gene polymorphism with susceptibility to 
esophageal cancer in 355 cancer patients and 
443 controls, and they found that IL-10-G1082A 
polymorphism might not be associated with 
risk of esophageal cancer [11]. Sun et al. con-
ducted a case-control study in a Chinese popu-
lation, and found that IL-10-592A/C gene poly-
morphism contributed to esophageal cancer 
susceptibility [12]. However, we found that 
IL-10-1082A>G polymorphism could influence 
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the susceptibility for esophageal cancer in a 
Chinese population. Therefore, further studies 
with large sample size are greatly needed to 
confirm our results.

Several limitations should be considered in our 
study. First, subject selection bias may overes-
timate the true size of effect or lead to spurious 
findings. Although there may exist selection 
bias for hospital-based subjects recruited in 
this study, both cases and controls were 
matched on age and sex, which may have mini-
mized the bias. Second, we were not able to 
evaluate the gene-environment interactions, 
such as dietary factors. Third, we did not 
explore the genetic effects on the esophageal 
grade due to the limited sample size. Therefore, 
the actual biological mechanism of effects of 
IL-10 gene polymorphisms on esophageal can-
cers required further large-scale studies in dif-
ferent ethnic groups and functional experi-
ments to replicate our findings.

In conclusion, we observe that IL-10-1082G/A 
rs1800896 polymorphism contributes to the 
susceptibility for esophageal cancer, but IL-10-
1082G/A rs1800896 has not interaction with 
smoking, drinking and family history of cancer 
in the risk of esophageal cancer. IL-10-1082G/A 
rs1800896 genetic variation may be employed 
as candidate biomarkers for the prediction of 
susceptibility in esophageal cancer.
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